Modelling of rehydration kinetics of dried carrots using the Peleg model. The objective of the study is to apply the Peleg model to the description of rehydration kinetics of dried carrots and to investigate the effect of the rehydration temperature and particle shape on the model constants. The changes of: mass, dry matter of solid, moisture content on dry basis and moisture content in percent wet basis were described using the Peleg model. Samples (slices of 10-millimeter thickness and 10 × 10 × 10 mm cubes) were dried at natural convection and the air temperature was kept at 60°C. The rehydration was carried out in the distilled water at the temperature of 20, 45 and 70°C. The accuracies of the model were measured using the coeffi cient of correlation (R), root mean square error (RMSE), and reduced chi--square (χ 2 ). It was stated that the Peleg model may be assumed to represent the relative mass increment, relative dry matter of solid decrease, and relative moisture content in % w.b. increment during the rehydration of carrot slices and cubes. The model cannot be accepted for description of relative moisture content on d.b. increment. The rehydration temperature and particle shape signifi cantly infl uenced the Peleg rate constant (A 1 ). Both parameters signifi cantly infl uenced the Peleg capacity constant (A 2 ) in case of mass and moisture content in % w.b. only.
INTRODUCTION
Dried and rehydrated agri-food products are very important ingredients in breakfast cereals, dairy products, and dietetic foods prepared for people suffering from physiological disorders. Such products are also key ingredients for healthy people with additional needs and traditional foods such as cakes, biscuits and desserts [Seremet (Ceclu) et al. 2016] . Therefore, dried fruits and vegetables may be a fi nished product or half -fi nished product, subject to further processing, mostly rehydration.
Rehydration is one of the most important quality properties for dried products. Water uptake during rehydration is a complex process depending on morphological structure, chemical composition, drying pretreatments, drying methods, immersion media, and rehydration temperature and time [Deng et al. 2014] . The knowledge of the rehydration kinetics of dried products is important to optimise process from a quality point of view. Therefore, the rehydration process of food products is nowadays so widely investigated [Kaleta et al. 2010 , Jiao et al. 2014 .
The most important aspect of rehydration technology is the mathematical modelling of the rehydration process. The rehydration behaviour of food products is described by theoretical, semiempirical, and empirical models. Theoretical models are based on the laws of the general heat and mass transfer theory [Górnicki 2011 . Empirical models continue to be widely used. In spite of their simplicity, these models are very useful and their interpretation supplies valuable information about the kinetics of the process. The empirical Peleg model [1988] is one of the most frequently used. This model was applied to describe, among others, the rehydration process of the following dried materials: Aloe vera [Vega-Gálvez et al. 2009 ], apples , blueberries [Zielińska and Markowski 2016] , carrot Zielińska 2011, Ricce et al. 2016] , and squid fi llets [Deng et al. 2014] .
Carrot (Daucus carota L.) is considered one of the vegetable whose consumption, both fresh and processes, has increased over the past years. Its pleasant fl avour is one of the main reasons for its acceptance by consumers [Gamboa--Santos et al. 2013] .
The objective of this study was to apply the Peleg model to the description of rehydration kinetics of dried carrots and to investigate the effect of the temperature and particle shape on the model constants.
MATERIAL AND METHODS
Fresh carrots used in this study were acquired in local market. Homogenous lots were selected according to such maturity indicators as vegetable size and the appearance. Carrots were properly washed in tap water to remove external impurities. Then, samples were cut into slices of 10-millimeter thickness and into 10 × 10 × 10 mm cubes. Samples were dried at natural convection and the air temperature was kept at 60°C. The drying lasted until the constant weight of the dried material was attained. The dried material obtained in the given conditions from three independent experiments was mixed and stored in a tightly sealed container until it was used in the rehydration experiments.
The rehydration process was carried out in the distilled water at the temperature of 20, 45 and 70°C. The rehydration lasted from 6 h (at 20°C) to 4 h (at 70°C). An initial amount of 10 g of dried carrots was used in each trial. The weight of the dried material to the weight of the distilled water amounted to 1 : 20. Water was not stirred during the rehydration process.
Mass of the samples and dry matter content were determined during the rehydration.
Mass determination was conducted as follows: samples were weighted sev-en times during the rehydration. They were carefully removed, blotted with paper towel and weighted. The WPE 300 scales (RADWAG, Radom) were used for the measurement of the sample mass. Maximum relative error amounted to 0.1%. Experiments were made in three repetitions.
Dry matter of solid was determined according to AOAC (2003) standards. Seven measurements of the dry matter content were carried out during rehydration. The WPE 300 scales (RADWAG, Radom) were used for the weighting the dry matter of samples. The maximum relative error amounted to 0.1%. Measurements were made in three repetitions.
Moisture content on dry basis (decimal d.b.) of the rehydrated samples was determined according to the following formula:
. . 
The changes of the mass, dry matter of solid, moisture content on dry basis, and moisture content in percent wet basis during the rehydration of carrot samples were described using the Peleg model [1988] .
The Peleg model for relative mass increment is presented with the following formula:
where: The Peleg model for relative moisture content on dry basis increment is described with the following formula:
where
The Peleg model for relative moisture content in percent wet basis increment is described with the following equation:
where: M w0 -moisture content of dried material in percent wet basis (% w.b.). The goodness of fi t of the tested Peleg model to the experimental data was evaluated with the coeffi cient of correlation (R), root mean square error (RMSE), and the reduced chi-square (χ 2 ). The higher the R value, and lower the RMSE and χ 2 values, the better is goodness of fi t. The regression analyses were done using the Statistica routine. Table 1 presents the values of Peleg model constants and comparison of results of statistical analyses on the modelling of carrot samples rehydration.
The caption "experiment" denotes that the constant value was determined as an arithmetic mean from the values obtained separately for each of three repetitions, whereas caption "for three repetitions" denotes that the value of the Peleg constant was obtained at once from three repetitions. The Table 1 2 for relative mass increment, relative dry matter of solid decrease, and relative moisture content on d.b. increment, whereas in case of relative moisture content in % w.b. increment the values of RMSE and χ 2 were lower for the "for three repetitions" method.
It can be seen moreover from Table 1 that the infl uence of rehydration temperature and particle shape was significant for Peleg rate constant (A 1 ). As for as the Peleg capacity constant (A 2 ) was concerned discussed infl uence was signifi cant only for the relative mass increment and relative moisture content in % w.b. increment.
Taking into account the results of statistical analysis of the infl uence of discussed variables, the following type of equation for determination of the Peleg model constant was considered:
where:
According to Pabis et al. [1998] : • for slice of thickness 2s
• for cube of thickness 2s
where: s -particle half thickness [m] .
The regression analyses gave the constants presented in Table 2 .
The Equations (7) and (8) with the constants given in Table 2 were then used to estimate the relative mass increment, relative dry matter of solid decrease, relative moisture content on dry basis increment, and relative moisture content in percent wet basis increment at any time during the rehydration process. Validation of the established models was made by comparing the computed relative mass, relative dry matter of solid, relative moisture content d.b., and relative moisture content in % w.b. with the measured one in any particular rehydration run under certain conditions. The accuracy of the established models is shown in Table 3 . It can be admitted taking into account the results of statistical analyses that the Peleg model with Eqs. (7) and (8) represented the experimental values of relative mass increment, relative dry matter of solid decrease, and relative moisture content in % w.b. increment satisfactorily. The results of discussed analyses for relative mass (7) and (8) (7) and (8) and comparison of results of statistical analyses on the modelling of carrot samples rehydration at model constants expressed with Equations (7) and (8) Modelled (7) and (8) 
CONCLUSIONS
The following conclusions can be drawn from conducted investigations:
The Peleg model may be assumed to represent the relative mass increment, relative dry matter of solid decrease, and relative moisture content in % w.b. increment during the rehydration of carrot slices and cubes. The Peleg model cannot be accepted for description of relative moisture 1.
2.
content on d.b. increment during the rehydration of carrot slices and cubes. The rehydration temperature and particle shape signifi cantly infl uenced the Peleg rate constant (A 1 ). The rehydration temperature and particle shape signifi cantly infl uenced the Peleg capacity constant (A 2 ) in case of relative mass increment and relative moisture content in % w.b. increment only.
